A new reconstruction method has been developed for material-selective tomography that allows non-negativity and maximum density constraints to be enforced on each pixel. In addition, uncertainty in the projection data is appropriately accounted for. Results of applying the constrained reconstruction to simulated data demonstrate significant improvements over unconstrained reconstructions.
Dual energy X-ray transmission tomography can be useful for estimating attenuation coefficients for PET and SPECT imaging [1] . In an effort to minimize the dose to the patient in the transmission scan, we are investigating new reconstruction approaches that allow reduced X-ray exposure for a given error in attenuation estimates.
As in Ref. [ We solve the reconstruction problem by minimizing an uncertainty-weighted, penalized least-squares objective function parameterized by the unknown material densities. A grouped coordinate descent modification to the sequentially updating Gauss-Seidel algorithm used by Sauer and The method has been tested using simulated dual-energy tomographic data for soft-tissue and bone at 40 and 80 keV. Results are shown in Fig. 1 where unconstrained reconstructions, those employing only non-negativity constraints, and the reconstructions using both non-negativity and maximum density constraints are shown left-to-right respectively . The advantage of the constraints is clearly seen when the densities lie on the boundary of the constraint set (all regions except the one at 3 o'clock) . If the density is in the interior of the constraint set, the improvement is not as dramatic. Nevertheless, with the exception of lung tissue, most body tissues-being either soft-tissue or soft-tissue/bone mixtures-will be at or near the maximum feasible density, and it is precisely this situation that favors the fully constrained reconstruction over alternatives.
